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GEMERAL DESCRIPTIOM
The Bent Analysis program will assist you in the analysis of a
single story plane frame with a multi or single column concrete
substructure. Input may be entered on pre-formatted panels;
similar to those used by the BDS program, or may be entered by
creating a file Wwith xedit. The output of this analysis provides
necessary information for design of the bent cap and columns.

The following list is a summary of some of the program's capabil-
ities:

- 1+ The frame members may be prismatic or non-prismatic.
2. Intermediate member hinge and cantilevers are accommodated.
3 . Sidesway may be included.

%. Reduction of the dead load nepative moment due to support
width may be obtained.

5. Axial forces and moments in columns due to temperature change
Mill be reported.

6. Live load column moments wWill be adjusted auvtomatically for
skewed bent.

7. Live load moments and shears for a standard HS truck or a
group of standard HS trucks Will be automatically generated.

8. Live load moments and shears for a P truck plus a standard HS
truck will be automatically generated.

9. All load factors:, except impact, will be automaticallwy
multiplied. :

10. Factored and unfactored moment and shear envelopes will be
reported.

11. Load factor design method is used to analyze and design both
reinforced concrete and prestressed concrete bent caps.

12. Provides a final stirrup design of the cap members.

13. Summary of unfactored column loads for the "YIELD™ program
input Wwill be reported.
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PROGRAM LIMITATIONS

Since this program is for a plane frame, the user must be aware
of the analvsis method limitations. Factors . such as skew
correction for dead load column moment, torsion, and lonpitudinal
distribution of loads through the superstructure are not consid-
gered by this program. The limitations lizted below must be
ohserved :

1. The live load lane reaction applied as wheel lines are
assumed to act directly on the cap members.

2. The maximum number of members is limited to 20. of which not
moare thanm 11 may be cap members.

3. All of the interior joints must have a column support.
4. Members must be orthogonal - caps are horizontal and
columns are vertical. Mork is being performed on this

program to accomodate non—-orthogonal members.

5. Dead load analysis will include only the loads on the
ADDITIOMAL DEAD LOAD form that are designated Trial Mo 00.

6. Live load impact is not calculated by the programs and must
therefore be ineluded in the live load input.

7. Dead load and live load gamma and beta factors wWwill be
multiplied internally and automatically. Do not factor any
dead loads or live loads on the input data.

8. A maximum of 10 girders per cap member % 3llowed.

9. Hon-prestressed T bents and C bents can be accompdated. This
program €ill not analvze or design prestressed T bents or
C bents.

10. The distance between the wheel lines for 2 standard HS truck
aor a P truck is & feet.

11. The minimum clearance between two trucks iz & feet.



BRIDGE COMPUTER MANUAL April 19Bé& 3=3
B RN EEE SRS SRS C SRS SN EESSCEESEENRESErm=oE
GENERAL APPLICATIOM

The Bent Analvsis Program was developed to analyze the following
tyvpes of plane-framed systems:

1. Multi=column bent with cantilevered overhangs

g\ A
WYY

2. Single or multi=span ocutrigger bent

i
A [

3. C bent either cantilevered or end supported (non-
prestressed)

\ fl

N\ /

. T bent with or without end supports (non-prestressed)

E. Multi=celumn bent with an internal hinge or different
column end conditions

- H =
INIBIBIRIERIN
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DATA PREPARATIOM
Data may be entered at the terminal on either pre=-formatted input

panels coentaining descriptive column headings or by creating or
revising a file with XEDIT. The following is a detailed

description af each input panel.

FRAME DESCRIPTIOM (Form A)

This iﬁput data describes the frame geometry. By itself., this
data would produce a factored dead load analysis.

FORH HUMBER: 107310
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MEMBER MUMBER must start with 1 and increase consecutively. The
cap sembers must be numbered first {(including cantilevers). Up

to 20 members may be analyzed.

i 2 @ 3 @ 4 @ 5 s
7 = B8 HL'E fl’fﬂ
EHD JOIHT HO. defines the left and right end of member joint
number . Starting with 1; number the end joints of each member
consecutively from the left end of Member MHo. 1. The boettom of a
column is considered te be the left end of that member. A column

top (right end) Jjoint number is the same as that of the cap
me=kers to which the celumn connects. Ho more than three members

ay meet at one joint.
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EMD COMDITIOM describes the degree of freedom of the member a.
the joint. If left blank, defaults to fixed end condition.

C = Cantilevered {(unsupported).

2] Pinned (moment is released)

F = Roller (moment :nd_huritant:l force is released)

DIRECTION is assumed to be wvertical unless a "GB","C", or "H"™ is
entered to indicate a girder, cap or horizontal member.

LEMGTH (feet) is the cap member length measured along the center-—
line of the bent toe the nearest 0.1 foot.

MIN. I is the minimum moment of inertia. If this entry is left
blank, the required section properties must be provided by the
"cection Properties by Parts™ input (Form C).

HIMGE LOCATION OR SUPPORT HIDTH depends ‘on the entry in the
"Direction™ field. If a "C"y "G"; or "H" is entered for direc-
tions them a hinge location s defined, otherwise, a top of
column support width is defined. Hinge location is given in feet
from the left end of the member to the hinge centerline. The
support width is ussually the column width in feet along th

centerline of the bent. The support Width is needed to obtai

the dead load moment reductien. For prestressed bents, each side
of @ hinge must be treated as a separate frame.

E;, the modulus of elasticity, may be input or the user may accept
the built—in defaults. E defaults to 3600 KSI for cap members
and 3250 k=i for column members. If the user elects to use a
different E; it must be entered for cap and column members sepa-
rately. Once an entry is made, E remains constant for all subse-
quent cap or column members until another entry is made.

DEAD LOAD (unfactored) may be applied to the input frame by two.
methods :

UNIFORM desceribes a uniform load in kipssfoot.

UMIT WT. describes the weight of the material to be used in
calculating dead load. To use unit weight, the member cross
section must be described Wwith either of the_section property
input forms. If no unit weight is given:, a default value of
zero is used, Both a uniform load and a unit weight may be
applied simultaneously.
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F'c (ksi) defines the concrete compressive strength. F'c may be
entered or the user may accept the default values of §4.00 ksi for
cap members and 3.25 ksi foer column members. This value will be
used for the prestressed concrete design but not for reinforced
concrete design in which £f'c must be specified on the Reinforced
Concrete Data input panel. If an entry for f'c but not E has
been made, the modulus of elasticity Wwill be automatically caleu-
lated per AASHTD Article 8.7.1.

MEMBER RECALL is available for members which have identical prop-
erties. These properties include LENGTHs MIN I, END CONDITION
UHMIT HEIGHT: and DEAD LOAD. The data required for the repeti-=
tive member is the member number from which data is teo be
obtained. If the member is to be flipped end for end enter ™R™
in the REVERSE column. Any other data given for the repetitive
member is5 ignored. Data can not be recalled from a member which
was generated by MEMBER RECALL.

DEFLECTIONS at the quarter points of all members will automat-
ically be calculated for Dead Lead (Trial Ho. 0O). If they are
desired at some evenly spaced points other thanm the quarter
points; enter the number of equal spaces under DEFLECTIDNS. The
entry needs to be made only once and may be made in the data for
any member. In addition to the above, deflections will always be
calculated at hinges and at the quarter points of the longer
poertion of the hinged member.

If correction for SIDESHAY is desired in the Dead Load analysis
(Trial Ho. 0)y enter "S5™ in the SIDESHAY column. The entry needs
to be made only once and may ke made in the data for any member.
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SUPERSTRUCTURE SECTIONS (Form B)

This input data describes the cross-section geometry of bent cap
itself ‘this form will produce section properties.
The section described by this form may be modified by submitting
by Parts wmith consistent member number and
to generate load factor

members. By

Section Properties

cross—section

design:; the SUPERSTRUCTURE SECTIONS input must be

locations.

However,

description of the bent cap sections.
to the centerline of the bent.

included in the

All dimensions are normal
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The MEMBER ND. and CROSS SECTION LOCATION identify and locate the

section from the left end of the member.

on e¢ach line used to describe the section.

RECALL may be

REF. FT. COORD.

Both must be repeate

used to recall section data previously entered at
"anether location. .

(X:Y)

for each section described.

left corner of the section as shown

provides the reference point coordinates
The default location
in the example below.

iz at the lower

Lerr YL WIDTH RIGHT
OVERHANG t OVERHANG
I TOP SLAB : ‘
ll: "*‘“‘T“"‘?""i
EXT. | Exr. =
GIRDER | GIRDER oy
POINT -.______'_'-E_ “BOTTOM SLAB [ 1 -
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HIDTH and DEPTH eof the section must be given. The depth must ke
measured from the reference point.

TOP and BOTTOM SLAE THICKEMESS must be given. Since these values
are to be combined with girders to ferm a solid cap section, any

thickness may be used.

INTERIOR and EXTERIDR GIRDERS may be combined in any manner that
forms a solid cap section. Exterior girders must be Type 0.

OVERHAHNGES can be used toe define the effective portion of the deck
slab contributing to the bent cap strength.

STORE numbers must be entered for members to be recalled.
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SECTION PROPERTIES BY PARTS (Form C)

This input data describes a section of a prismatic member or
multiple sections of a3 non-prismatic member. By itself this form
Will produce section properties. This data is normally used to
supplement the FRAME DESCRIPTION data andsfor the SUPERSTRUCTURE
SECTIONS data. Use this form to describe the column sections.

FORM NUMBER: 207312
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MEMBER MO. and CROSS SECTION LOCATION identify and locate the
section from the left end of the member in feet. Each cros-
section description within a given member must have a separat.
location (discontinuities in cross sections must be separated by
at least 0.1 feet.)

RECALL may be used te recall previously stored sectiom proper-
ties.

SIGH is wsed to subtract 3 given part from a cross sectioen or to
bBuild a section Wwith negative properties.

Sections are built by adding or subtracting the parts shown. B
certain reference points match among parts.
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PART CODE identifies the shape of the figure being defined. If
no part code is given, the part code is assumed to be 26. Part
code 27 is used to define the depth of the cross section. The
depth is always required to calculate member stresses.

PART DIMEHWHSION defines the wertical and horizontal dimensions for
each section part. VYertical and horizontal dimensions are
required input if part codes 1 thru 25 are used. For vertical
members or columns, the wvertical dimension wWill be the width of

these members.

REFEREMCE POINT COORDIMATE system is identical to that used in
the SUPERSTRUCTURE SECTIONS data. Hhen describing column
sections, the ¥ axis is parallel to the centerline aof the bent

cap.

ANY SHAPE may be used to define any shape WRith known properties
when wusing part code 26. Area, Ixx, depth; and the ¥ coordinate
of the center of gravity must be given.
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ADDITIOHAL DEAD LOAD (Form D)
This input data describes the unfactored additienal dead loads

which *the bent cap will carry. If vou Rwish to combine this load
with other dead load, the trial no. must be set to zerao.

FURH HUNBER: 507316
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TRIAL MO. designates separate leoading conditions for a single
probles. For BENT AMALYSIS, Trial MNo. 00 is taken to be added
dead load which supplements the dead load given in the bent
description. The added loads could be barrier railing, wWwearing
surface, signs and » or utility loads.

MEMBER HO. defines the member to which the added dead load is
applied. :

H or P are the unfactored uniform loads W (kipssft.) and concen-
trated loads P (kips) y

CODE is used to indicate the loading type:

max. W on left
max. H on right
uniform load
concentrated load

Toor
W manm

A and B are used to define the loading locations. If the dimen-=
cions A and B entered are greater than the member length. the
member length will be used.

= 11 -
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FEMs are the unfactored fixed end moments in ft-kips given by the
USETF &

SIDESHAY may be considered by placing an 'S" in this column.

ANGLE § DEGREES defines the load angle in degrees. Default
equals rero.

COMMEMNTS of up to 12 characters per line may be made in columns
56 thru &7. Caution: if a single comment covers more than one
line, the comment lines may print out of order.
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UHIFORM GIRDER DATA (Form M)
This input data describes the equally spaced girder data (includ-

ing girder dead load reaction), curk data, thermal expansion
coefficient, wind loads., and skew angle.

107313
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EQUALLY SPACED GIRDER DATA defines the unfactored dead load
reactions for left exterior: interior, and right exterior girders
in kips (may be obtained from the BDS Analysis), the total number
of girders on the bent (10 girders maximum), the distance of the
left exterior girder centerline from the left end of the bent
caps; and the girder spacing. All these dimensions are mEasurer
normal to the roadway.

CURB DATA defines the distance from the left end of the bent cap
to the inside face of the left curb or sidewalk and the curb to
curb or the sidewalk to sidewalk distance. Both dimensions are
measured normal toe the roadway.

TEMPERATURE AND SHRIMKAGE FACTOR should be obtained from Article
3.16 of the AASHTOD Bridge Design Specifications, or as otherwise
specified for vyour Jjob. The default value for this program is

0D.00021.

MIND LOADS (unfactored) will apply along the centerline of the
bent cap. The Group 2 Wind load will be in kips applied horizon-
tally at both ends of the column and the Group 3 wind load will
be in pounds per foot applied horizontally aleng the column.

CSKEH AMNELE of the bent cap is given teoe 0.01 degree clockwise
positive. The skew angle is used for the coordinate transforma-
tion of the girder locations, live leoad lane and wheel line
locations, and the column live load moments from bridge frame
cogrdinates to bent frame coordinates.
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HNON-UNIFORM GIRDER SPACING DATA (Form O)

This input data describes number of girders, reactions of girder
or girders, and locations of girders for a structure having

different girder spacings and reactions. The Egqually Spaced
Girder Data on the UNIFORM GIRDER DATA (Form M) must be left
blank, but the Curb Data on Form H is reqguired. The maximum

number of girders allowed is 10 per cap member.

m |5 o GIRDER | [:2|=|2i

Sxl. 5l GIRDER TION 407314

B2l O REACTION OR 0731

EHE PACTNG

= (KIFS) (FT)

2F[EE RERERKEE

10,1161 , . . .

ﬂlz i | I | -
SEQUEMCE MHWUMBERS are pre-printed. Use as many as you need
consecutively from 1. Enter the girder numbers from left to
right acress the bent cap. The first entry. Sequence MNo. 1.

specifies the location of the leftmost girder from the left end
of the bent cap.

MUMBER OF GIRDERS is pre-printed for the leftmost girder. The
remaining girders may be specified individually or in groups for
girders with equal reactions and spacing. The number of girders
to be specified, either individually er in groups is entered for

the MUMBER OF GIRDERS.

GIRDER REACTION defines the unfactored girder reaction from dead
load in kips. A change in girder reaction requires a new entry.
The dead load effects of utilities may also be included in the
bent analysiss simply by treating them as part of girders or
individual girders.

GIBDER LOCATION OR SPACIMG defines the girder locations. The
first entry specifies the location of the leftmost girder from
the left end of the bent cap. For individual girder entries give
the distance frem the last entered girder. Enter the girder
spacing fer girders having equal spac? and reactions;i the
program wWill place the girders at egual spacves begining with the
previously entered girder. The girder locations and spacing are
measured normal to the roadway. See example on the following

pPage -

— 1{- -
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LIVE LOAD LAMNE REACTIOM (Form P)

L]

This input data describes the maximum wunfactored live load
reaction at the bent due to one truck lame (including impactl.
for both standard "!5% truck and special P truck.

el

S 5TrEaT
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e A AR A AR el v sl A et s e
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The HAXIMUM AXIAL FORCE and associated MOMENT and the MAXIMUM
LONGITUDINAL MOMEMT and associated AXIAL force due to one lane of
both STANDARD HS TRUCK and SPECIAL P TRUCK may be obtained from
the BEDS program or by other means of structural amalysis.

The current Bent Analysis program assumes that the live loads act
directly on the cap member. Reactions per wheel line are assumed

to be half the TLAMNE REACTION™. The wheel lines are placed 6
" feet apart normal to the roadeday within 12 foot lanes. The
program determines the number of lanes and locationm of lane lines
along the cap members for each live load conditien and applies
live load reductions when three or more lanes are used.
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Prestress Data (Form G)

This input data describes the prestressing cable paths to be incorporated in the bent cap to resist
the input loads. The prestressing may be part length and/or multiple tendon.

CABLE PATH SPECFICATIONS | E

B 1 o CTr
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TRIAL NO. is the number of the input cable path configuration. Different cable path geometry
or specification can be tried in a single submittal by varying the trial number.

FRAME NO. is the number of structural frame. A frame is defined as the area between hinges
and/or end supports. For example, a four span structure with one intermediate hinge would have

two frames.

17
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PATH NO. is a number or letter used to identify the various cable paths in a multiple tendon
prestressing frame. The effects of the multiple paths in the same trial and frame are all added together.
When muluple paths are defined, only one path may have an unknown jacking force.

MEMBER NO. is the number for which prestress information is being input. The member number
is the same as is shown on the Frame Description input.

LLT,LLP, and LRT are the vertical offsets from the top of deck to the C.G. of the cable path as shown
on the skeich.

XLT and XRT are the horizontal distances from the end of span to the ends of the cable path.
U is the friction curvature coefficient. If left blank, the default valoe of 0.20 will be used.

K is the friction wobble cocfficient per foot of stressing steel. If left blank, the default value of
0.0 will be used.

Separate values of U and K may be input for each span.

f;is the ultimate strength of the prestressing steel in kips per square inch. If left blank, a default value
of 270 ksi will be used. Only one value may be input for each cable path,

% JACK is the maximum allowable temporary jacking stress expressed as a percent of the ultimate
strength of the prestressing steel. If left blank, a default value of 75% will be used. Only one value
may be input for each cable path. If both end stressing is requested, the same value for % jack is used
at cach end.

END is the input to request jacking location. Enter “L" for left end jacking, enter “R” for right end
jacking, and enter “B" for both end jacking. If left blank, a default value of “B” will be used. Only
one choice may be entered for each cable path.

ANCHOR SET (LT. and RT.} is the length, in eighths of an inch, of the anchor set. If one end jacking
15 requested, no anchor set entry 1s needed for the non-jacked end. Only one value for anchor set left,
and one value for anchor set ight may be entered per cable path, If left blank, a built-in default valoe
of %" will be used. Caution: when using short cable paths, the %" seating loss may be excessive.

ALLOWABLE TENSION is the given value of the maximum allowable tension stress for which the
frame is to be designed. Two methods of input are provided. If a*Y™ is placed in the SPEC input ficld,

the allowable tension will be calculated using the AASHTO specification ( 6+/T°c). If an entry is

made in the % field, the allowable tension 1s the entered % times 6/f'c . Only one choice is allowed
and only one entry is allowed per cable path. If left blank, the program will design for no tension.
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P-JACK is the input prestress force in kips. If a value for
P-JACK is input for all paths in a given trial and frame. then
the program only analyzes the structure and reports the effects.
If multiple path prestressing is described. all the values of
P=JACK except one must be given. The path with no P=-JACE wvalue
Wwill have its prestress force designed by the program based on
full DL + added DL + LL + I.

LOW LAX steel may be used by placing a "Y" or "L" in the LOW LAX
input field.

f'c is the required concrete strength. This value is used as the
basis for calculating the allowable concrete tension. If laft
blank, the built-in default concrete strength of 4.00 ksi Wwill be
used.

% SHORTENING is the percent of theoretical elastic shortening to
be included in the prestressing calculations based on the final
prestress force coefficients. Only those frames with columns
affected by shortening will be considered. If left blank: a
default value of 100%¥ will be used. To eliminate shortening.
enter a zero. To obtain any other even 10X increment, enter its
multiple of 10X%.

LOSSES (ksi) are the losses due to creep and shrinkage. If lef
blank, a built-in default value of 32 ksi for normal prestress
steel and 20 ksi for Low Lax steel will be used.






